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© Semiconductor integrated circuit fiaving wrirlngs. 

© In a semiconductor integrated circuit having so- 
called air-tHldge wirings, portions (9) of a surface of 
a semiconductor wafer <1). where a first wiring layer 
(2) and a second wiring layer (10) are overlapped for 
each ottier. are filled wrtfi a gas in order to insulate 
tttese two wiring layers. According to ttiis invention, 
said portions filled by a gas. are completely shiekJed 
by wiring materials and insulating materials. 
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BACKGROUND OF THE INVENTION 



Field of the invention 



This invention relates to a semiconductor in- 
tegrated circuit which is fabricated using the air- 
bridge wiring technique. 

Description of the prior arts 

The air-bridge wiring, which is a technique to 
insulate t>etween wiring layers by gases instead of 
ordinary insulating films, has been developed in 
order to reduce tfw wiring capacity of a semicon- 
ductor integrated circuit which is used especially in 
a high frequency band. 

Figs, la to 1c Illustrate a prior method for 
fabricating a semtcorKluctor integrated circuit hav- 
ing air-bridge wirings. These figures are cross sec- 
tional views of a semiconductor wafer under steps 
tor forming air-bridge wirings. As shown In Rg. la, 
first metal wirings 2, 2 ... are selectively fonmed on 
a semiconductor wafer 1 in which a plurality of 
circuit elements have been fonmed. Then, photo- 
resist 3 is coated selectively on the surface where 
air-bridges sfKxikJ be formed later, as shown in Rg. 
lb. A metal thin film 4 is formed next on the 
surface of semiconductor wafer 1 including the 
parts where said photo-resist 3 is coated. On this 
thin film 4, a metaJ film 6 is fomied relatively thick 
by a plating technique, using film 4 as an under 
coat. These two films 4 artd 6 compose of a 
second wiring layer. Then, as shown in Rg. 1c. 
photo-resist 3 is removed from the surface of wafer 
1 to form air-bridges 9. 

in the above mentioned prior art, however, the 
mechanical strength of the second wiring layer is 
not enough especially in the parts wfrere said air- 
bridges 9 are formed. Furthermore, in order to 
maintain a gas within said air-t>ridges, an ordinal 
protection film cannot be formed on tfie surface of 
the wafer, once the first and the second wiring 
layers have been formed. As a result, integrated 
circuit products obtained from the semiconductor 
wafer are not easy to handle. And. a plastic pack- 
age product cannot be realized from this wafer. 
Because of these two points, the reliability of the 
product is not high enough for the real use. 

In recent years, semiconductor integrated cir- 
cuits have t)ecome widely used in civil applications 
in which high frequency t>ands above 1 G Hz are 
utilized. It is also highly desired to make integrated 
circuits small. In order to meet these requirements, 
the development of air-bridge products in which 
plastic mold is possible is highly desired. However, 
because of the reasons mentioned at>ove, such 
products have not been obtained yet. 



SUMMARY OF THE INVENTION 

This invention has been made to overcome tfw 
above mentioned problems of ttte prior art semi- 
5 conductor integrated circuits having air-bridge wir- 
ings. 

Therefore, one objective of this invention is to 
provide a semiconductor integrated circuit having 
air-bridge wirings, which have erKiugh mechanical 

10 strength. 

Another objective of this invention is to provide 
a semiconductor integrated circuit ftaving air-bridge 
wirings, which have a new structure so as to realize 
a plastic nwld of a package with high reliability. 

IS Still other objective of this invention is to pro- 

vide a new method for forming air-bridge wirings 
on a semiconductor wafer, the wirings which have 
enough mechanical strength and which can be 
shtekled by an insulating layer formed tftereon. 

20 The first aspect of this invention . provkjes a 
semiconductor integrated circuit having air-bridge 
wirings, the circuit which is comprised of the fol- 
bwing: a semkx>nductor wafer having a plurality of 
circuit elements on its main surface; a first wiring 

25 layer provided on sakJ surface in order to connect 
some of said circuit elements; a second wiring 
layer provided on sakl surface in order to connect 
some of sakj circuit elements; a gas which is filled 
between said first and second wiring layers and to 

30 insulate tftese two layers at places wftere said two 
wiring layers are overiapped to each other; an 
insulating layer formed on said second wiring layer; 
and wherein said insulating layer is formed to 
shiekj said gas filled portions in co-operation with 

35 said second wiring layer. 

The second aspect of this invention provides a 
method for fabricating a semiconductor integrated 
circuit having air-txidge wirings, whfch is com- 
prised of the following steps: a) forming a plurality 

40 of circuit elements ori a semkx>nductor wafer; b) 
forming a first wiring layer to connect some of said 
circuit elements; c) coating a photo-rasist. material 
on tfte portions of said first wirir>g layer wttere said 
air-twidges should be formed; d) fonming a- second 

45 wiring layer on predetermined areas of the surface 
of said semiconductor wafer Including the portions 
where said photo-resist material is coated; e) re- 
moving said photo-resist material and also a part of 
said second wiring layer formed on said photo- 

50 resist material, in order to form said air-bridges; f) 
forming a first insulating film on the whole surface 
of said semiconductor wafer, after said photo-resist 
material formed at step c) is removed; and g) 
forming a second insulating film, which is relatively 

55 thick, onto said first insulating film under a desired 
gas pressure so as to shield said air-bridges com- 
pletely in co-operation with said second wiring lay- 
er and said first insulating film. 
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According to said first aspect of this inventton 
me^^uctor integrated circuit havng »r- 
WdcHwngs is covered completely by saKl .n- 
1 i^vw and said second wiring layer, tluis 
sulabng layer anu air-tiridQe s 

enabling to strengthen and shield said air ixrage 
!^„T AS a resuH. a plastic package pj«l^ 
S enough mechanical length is ot^-^ 
Jl^^tt* semiconductor integrated crcurt of this 

'"'t:;rd,ngtos.dse«,nda^^*«'-^ «> 

son said first insulating film is 1^°" 
!^^of the semiconductor wafer which .s under- 
nc^processes to make first and secc«d j«r; 

frta^ers tWs film is. however, very thin, so 
I? 1^^™ portions are not shielded completely wrth .5 

Is fitXn. -ond insula^g film^ ;on.ed 
on said first insulating film "f^^'^ 
~Bssure so as to shieW said air*ndge portions 
S^^AsaresuH-said^^bridflep^o^^^^ 
shieWed completely with hokJing the gas for a 

'^'r:^"other obiecfives. feature.. »,dj- 

,«rtaaes of the present im-ention will be more 
^ ,1 Sie'wiowing detailed d^pbono^ 
^ed embodiments in conjunction wrth the ac 
companying drawings. 

pp|FFnES CRIPTION OF THE DR AWINgS 

Fios la to 1c illustrate the fabrication steps for 
Zi^ air-bridge wirings on a semicondu«^ 
!^r according to a prior art method of th« 

Prt'r'aishowaiefabricafion s,ef« ^ 
^ing air-bridge wirings on a ser™«.ndu<«. 
water according to one embodiment of the 

present invention. 

r^TAUPn ^BESCRIPTlON OF PRE FERREDJM: 
BODIMEMTS 

A tabricatton method of a semiconductor in- 
according to one en^-e;;^ ^ 
Z present invention will be do^"^'*'"*, °! 
rete^ng to r«s. 2a to 2). 
(ocused especially on how to 'o"" ^'"^ Z. 
inos on a semk»nductor wafer, and so. other fab^ 
n^^ steps, such as how to make semiconductor 
elements on the wafer etc.. are omitted. 

I^. as shown in Fig. 2a. a first WnnQ layer 2^ 
which c^nect a plurality of semiconductor ete- 
ments ( not shown ) formed on a semiconducW^ 
is fom^ed on the surface of '^"ff^ 
as Shown in Fig. 2b. a first photo-resist film 3m 
which appartures are provided only on the ^ 
vrtiere first wiring layer 2 and a se«>nd winng layer 
( described later ) come in .»n«c. tor «ach o*« 
Is fomied. A metal ( such as Ti ) thin film 4 .s. then. 
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^ « r^hotrwAsist film 3 as shown in Fig. 2c. 

eMV)nd ohoto-restst film 5 is coaiou « 

^ fikn 5 •'a-^J-^^IZTt 
second wiring will be fonned. In Fig. ze. a nww^ 
SCnple Al ) thin film 6 is formed on SMond 
^L^sl fllm 5 and sak) appartures. This fiUn 6 
telr Of the second wiring layer. In me 
s^Lkt be .ormed^sco^^ ^ 
tt« part tomied on s^^ond photo^esis^^ 
Tend the other part fomied on thm film There^ 

L. film 6 is made tNc^ 
but also thinner enough than saio secoi v 

'^C^ photcres^ film 5 ^^"^ 

^ in Fig. 2f. A, the ^"^^ff^^^t 
metal film 6 tombed on second ph<^st film b 

™e also removed. Using second -^""V® =^ 
Task tor etching, exposed port»ns ol ftst meW 

insulahng Wm 7 ( aft ) ^ 
whole surface of ttw waier i uy o ■ 

rnSbflnTfilri' 7. After this, as shown ^9- j^-^ 
insulafing film 8 ( SiO. ) s ^"^"^ 

n^Kt under ^^'^^^^^^ 
spheric pressure so as to oio»j-» ^ot at a 
^mpletely. During this step, wafer 1 is kept m 
desired gas pressure. ConsequentW. a.r*nd^^ 
are shieWed with hoWing the gas »i the desired 

•^T «. according to ^ pr-m inve-v 
ton insulating protedfon films are formed on a 
S^K^^ ^ having air-bridge winngs^^ 

^ng the air-bridge ^^^J^:^.^^ 
sure As a result, unlike the pnor art. ar orioge 
c^s are shieWed by saW insulating films. So^ 
S^a«. of a semiconductor pellet can t|e v,o- 
Te^ f^ outskJe atmospher and the m«h^.ca^ 
air-bridge portions can ^ f^^J^ 
orov«J. Furthermore, the plasbc mold '^JP^^ 
^Hecome possible for this 
te^rated circuit, thus greatly improving the rel.ab.l- 

•''^ro^t^.ca^ons Will become^ - 
mose skilled in the art after receiving ^^"^ 
of the present disclosure without departing from the 

scope thereof. 
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Claims 



1. A semiconductor integrated circuit having air 
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bridge wirings, comprising: 

a semiconductor wafer having a pluraJrty of 
circuit elements on its main surface; 

a first wiring layer provided on said sur- 
face In order to connect some of said circuit 5 
elements; 

a second wiring layer provided on said 
surface in order to connect some of said circuit 
elements; 

a gas which is filled between said first and io 
second wring layers and to insulate these two 
layers at places where said two wiring layers 
are overlapped to each other; 

an insulating layer formed on said second 
wiring layer; and rs 
wherein said insulating layer is formed to 
shield said gas filled portions in co-operation 
with said second wiring layer 

2. The semicorKluctor integrated circuit as 20 
claimed in Claim 1 , wherein said second wiring 
layer is comprised of two metal thin films. 

3. The semiconductor integrated circuit as 
claimed in Claim 2. wherein said two metal thin 2s 
films are made of Ti and Al respectively. 

4. The semiconductor integrated circuit as 
claimed in Claim 1, wherein said insulating 
layer includes an under coat film formed on 30 
said second wiring layer. 

5. The semiconductor integrated circuit as 
claimed in Claim 1, wherein said insulating 
layer Is made of Si02. as 

6. Tfw semiconductor integrated circuit as 
claimed in Claim 4, wherein said under coat 
film is made of Si02. 

40 

7. A rr>ethod for fafc>ricating a semiconductor ir»- 
tegrated circuit having air-bridge wirings, conri- 
prising the steps of: 

a) forming a plurality of circuit elements on 

a semiconductor wafer; 45 

b) forming a first wiring layer to connect 
some of said circuit elements; 

c) coating a photo-resist material on the 
portions of said first wiring layer where said 
air-bridges should be formed; so 

d) forming a second wiring layer on pre- 
determined areas of the surface of said 
semiconductor wafer including the portions 
where said photo-resist material is coated: 

e) removing said photo-resist material and 55 
also a part of said second wiring layer 
formed on said photo-resist materia), in or- 
der to form said air-t>ridges; 



f) forming a first insulating film on the whole 
surface of said semiconductor wafer, after 
said photo-resist material formed at step c) 
is removed; and 

g) forming a second insulating film, which is 
relatively thick, onto said first insulating film 
under a desired gas pressure so as to 
shield said air-t)ridges completely in co-op- 
eration with said second wiring layer and 
said first insulating film. 

8. The method for fabricating a semiconductor 
integrated circuit as claimed in Claim 7, 
wherein said first insulating film is made of 
SiOz deposited by a vacuum evaporation 
method at step e). and said second insulating 
film is made of StOz deposited by a CVD 
method under an ordinary atmospheric pres- 
sure at step f). 
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FIG.l (a) 




FIG.l (b) 




FIG.l (c) 



9 




5 



EP 0 501 407 A1 



FIG.2 (a) 




FIG.2 (e) 
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FIG.2 (f) 




FIG.2 (g) 




FIG.2 (h) 





FIG.2 (i) 
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FIG.2 0) 
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